T HE effects of administering sea water and similar solutions to animals, and occasionally to human beings, have been studied sporadically. Semipopular accounts of the gross effects of the drinking of sea water by shipwreck victims exist (I). During World War II the torpedoing of ships at sea and the loss of planes over open ocean, setting survivors adrift in lifeboats and on rafts, gave impetus to careful investigation of the question whether it is beneficial or harmful for castaways to drink sea water (2) (3)(4)(5).
sea water are well below their toxic concentrations in serum (8, IO) . Hence we investigated the toxicities of only Na+, Cl-and Mgff ions in sea water.
Na+ and Cl-are the predominant ions of the extracellular fluid, and their turnovers in the animal body are great. Apparently their bodily effects are chiefly osmotic; changes in their concentrations in body fluids result in serious disturbances of fluid distribution (8) . Mgff in serum concentration of only IO mM/l. has a specmc toxicity for tissues, especially for the central nervous system and the heart (9, IO). It seems unlikely that the PH of sea water, which is between 7.9 and 8.3 (7) , is in any degree responsible for its toxicity.
METHODS
Most of the experiments were made on albino rats. Guinea pigs, mice, dogs and seals were used to limited extents. For the most part the solutions being studied were given by intraperitoneal injection, the only route by which sea water itself can be given in a single quick dose large enough to be lethal. All solutions were given at 37' C. Doses of the various solutions given are expressed as 'per cent of body weight,' that is, ml/roe gm. of body weight.
Cl-analyses were done by the method of Schales, Schales and Asper (I I, 12). Blood was obtained by cutting the tip of the tail in rats or by venipuncture in seals and dogs. Heparin was used as anticoagulant. Total solids concentration of supernatant plasma was measured by a dipping refractometer.
Most of the animals that died were autopsied, to distinguish deaths from trauma or from extraneous causes. Frequently animals which survived an experiment were used again one or more times, after ample recovery periods. In some experiments it was essential to use survivors for further tests.
EXPERIMENTS WITH RATS
Art@&Z Sea -Water. To ascertain the lethal dose, a single intraperitoneal injection of 16 per cent of the body weight of artificial sea water (0.456 M Cl-> was given. It was lethal for 5 of 9 adult male rats, and all that died had convulsions. Tests with females failed to show a sex difference here. In half of 8 young rats of 30 to go gm., 17 per cent of the body weight was lethal. No convulsions occurred in any of the young.
Natural Sea Water. a) By intraperitoneal injectiolz. Woods Hole sea water in doses of 12 per cent of the body weight was non-lethal for IO adult male rats, but in doses of 14 or 16 per cent was fatal to 21 of 27 animals (78%). The incidence of convulsions in rats that died was much less than in those which succumbed to artificial sea water. The higher concentration of Mgtf' in the natural sea water may have exerted a depressant effect upon the central nervous system.
In table I, rats given intraperitoneal injections of artificial sea water, natural sea water, or 0.5 M NaCl solution are included together in group I, as there were no statistically significant differences among the mortalities from these solutions.
The experiments reported above were carried out on rats in presumably optimal states of nutrition and hydration. Laboratory temperature varied little from 24' C. Following test injections the animals were denied food and water for 8 hours and were kept in individual, wire, funnel-bottom cages for collection of urine.
Since human beings who resort to drinking sea water are usually those who have been subjected to dehydration with or without starvation, the influence of lack of body water on the toxicity of sea water was tested. Twelve male rats were deprived of water for I, 2 or 3 days before injection of a 12 per cent dose of natural sea water. Nine animals died, within 2 to g6 hours, all with convulsions (table I, group Ib). The mortality was directly proportional to the number of days of dehydration. The high incidence of convulsions may have meant that in dehydrated animals the 12 per cent dose of sea water killed by its osmotic effects without building up a sufEciently high Mgt-t concentration in body fluids and tissues to have an anticonvulsant effect. b) By stomach tube. Table I (group II) shows the mortality in rats given three 4 per cent doses of sea water by stomach tube 40 minutes apart, following 3 or 4 days' deprivation of food and water or of food alone. Deprivation of food alone had the same effect as total deprivation, since the starving animals drank very little Rate of weight loss in all groups was markedly accelerated by the oral administration of sublethal amounts of sea water.
Only one of our rats was known to have convulsions after oral administration of hypertonic NaC1 solutions, but Ulrich and Shternov (13) reported convulsions in rats and other species following oral as well as intraperitoneal administration of NaCl solution.
NaCZ Solzction Isotonic with Sea Water. Solutions of pure NaCl were tested intraperitoneally in an atteznpt to learn whether or not lack of Mg* and other lesser constituents of sea water make a difference. The mortality from pure NaCl solutions is like that from natural sea water, though the incidence of convulsions in animals that died from NaCl is greater. Perhaps the difference is again due to the depressant effect of Mgff upon the central nervous system. Concentrated Artii&ial Sea Water and Concentrated NaCl Solution. How fast could fatal shifts of body fluids and electrolytes be produced in rats by giving salt solutions several times more concentrated than sea water? Artificial sea water was evaporated to a Cl-concentration of 1.05 M, or 2.2 times the original, and 0.51 M NaCl solution to a Cl-concentration of 1.10 M. These concentrations were arbitrarily chosen.
The volumes of either concentrated solution that were administered contained the same amount of salt as a 15 per cent dose of sea water. All 7 rats died in 3 to 4 hours without convulsions, whether the salts were received by intraperitoneal injection or by stomach tube. Hence, with less water, the same amounts of salts were more lethal, as might be expected from the higher final concentration then attained within certain body fluids. It is also noteworthy that rats showed no convulsions when they lived less than 2 to 4 hours after solutions had been given.
Sucrose Solutions (1.0 iV) Isotonic with Natwal Sea Water. It seemed that the toxic effects of sea water might be due simply to the dehydrating effect of its high salt content. Could similar effects be produced in rats by dehydrating them with a solution of a non-electrolyte such as sucrose? With 14 to 18 per cent doses of intraperitoneal sucrose solution all of the rats died (table I, group III); hence, we do not know the exact toxic dose of 1.0 M sucrose solution in this species. Since sucrose is digested in the alimentary tract, oral solutions of it cannot be compared with sea water by that route.
Concentrated Urea SoZutions.2 The effects of a concentrated solution of urea, a solute which moves freely across cell membranes and distributes itself throughout most of the body water (14, IS), were compared with the effects of a concentrated solution of NaCI, a solute presumably confined almost wholly to extracellular spaces ( 6) I.
Of 2 groups of 6 rats each, one group was injected intraperitoneally with 4 per cent of the body weight of 1.65 M NaCl solution, the other group with the same dose of 3.0 M urea in isotonic (0.15 M) or slightly hypotonic (0.10 M) NaCl solution. Hemoglobinuria occurred in some rats injected intraperitoneally with urea solution; and the Cl-concentration of the peritoneal fluid changed to that of the serum (0.10 Ml* All 12 animals died (table 2). The rats given concentrated NaCl solution had no convulsions, but became limp; those given concentrated urea solution had convulsions, which consisted of marked shivering followed by tonic and clonic movements, hurling the body around the cage.
Salt SoZutions Isotonic with Plasma. The question naturally arose whether or not part of the toxicity of intraperitoneal sea water might not be due to the mechanical effects of the injected solution. Adult rats were given single, graded doses of 0.154 M NaCl solution or of natural sea water diluted to be isotonic with plasma; IO rats were used on 16 contained the same amount of salt as (It required 22 to 37 hours for the animals to return to their original body weights, despite deprivation of food and during that time.) Thus it seems that the concentration of salt given, as well water as the total amount, can be important in the toxicity of intraperitoneal hypertonic salt solutions.
Role of iKg++ in the Toxicity of Sea Water. In 2 adult male rats given intraperitoneal doses of 16 per cent of the body weight of MgClz solution containing Mg* in the same concentrations as in sea water, convulsions and death resulted in 17 minutes. The depressing effects reported for Mg* in lesser doses were not here observed. of young adult males and females, group IVb of all old males; the high mortality in the latter group may have been due to age. There were no convulsions from these solutions. The data for group IVa suggest that Mg* is effectively antagonized by Ca tt-, as is generally accepted. Rabbeno (17) reported that lethal doses of intravenous sea water in guinea pigs caused predominant symptoms of depression, similar to those caused by Mg+L He (18) also reported that sea water injected into veins of rabbits was more toxic than a NaCl solution, and believed this greater toxicity of the former to be due to its Mg* content with (relative) Ca ++ deficiency. We find no evidence that this is so in rats.
The role of Mgff in the toxicity of ingested sea water is certainly nonspecific. Magnesium salts are little absorbed from the gastrointestinal tract of mammals and rarely reach toxic levels in the blood unless excretion of Mg* is poor. The salts are evacuated from the gut in isotonic solution and have a dehydrating effect if given in hypertonic solution (9) .
Two rats were given, by stomach tube, doses of I and 2 per cent of the body weight of hypertonic MgClz solution (0.64 M) with no ill effects. The same doses given intraperitoneally killed 2 other rats, after convulsions, within IO minutes. Thus the Mg* ion probably contributes nothing specific to the toxicity of ingested sea water, though it may modify the effects of parenteral sea water, especially by the intravenous route. Salt Solzctions. Injection into a rat's peritoneal cavity of a sea water or NaCl solution having almost four times the osmotic pressure of plasma results in an intlux of body fluid into the peritoneal cavity, simultaneous with Cl-absorption (increasing the plasma Cl-concentration), both processes occurring most rapidly immediately after injection. Table 3 shows changes of peritoneal fluid volume and dehydration in rats dying from or killed after injection of sea water. Obviously at some point passage of fluid into the peritoneal cavity ceases and resorption begins. Animals dying several hours after injection invariably had plasma Cl-concentrations between 175 and 200 mEq/l. In a single case in which a rat was injected intraperitoneally with 43 per cent of the body weight of a I .I M NaCl solution, death occurred 15 minutes after the injection and the terminal plasma Cl-concentration was 244 mEq/l. If a rat survived at least 30 hours after an injection, peritoneal fluid was completely absorbed and plasma Cl-concentration was often slightly below normal. Cunningham (rg) found that intraperitoneal injections of IO per cent dextrose solution in rats increased the peri- toneal fluid volume, which reached a maximum in 4 hours and thereafter decreased until fully absorbed in 12 to 13 hours. We found that animals killed by intraperitoneal hypertonic salt solutions were much more dehydrated at death than would be expected on the basis of only renal and evaporative water losses at control rates during the time since injection, Dehydration was calculated in terms of per cent loss of body weight; rats were weighed before injection of sea water, and at death after removal of peritoneal fluid and bladder urine. A high plasma Cl-concentration was associated with a decreased hematocrit ratio ( fig. I, table 2 ). This is believed to indicate an increase in extracellular fluid volume accompanying the Cl-excess. Table 4 shows calculations, by two different methods, of' extracellular and intracellular fluid volumes at death in rats given intraperitoneal injections of 16 per cent of the body weight of sea water. The data are means of values obtained in 13 rats. The values for the volumes of distribution of Cl-calculated by two methods are identical. The increase in extracellular fluid is at the expense of intracellular volume in animals dead several hours after intraperitoneal administration of sea water. Intraperitoneal injections of 0.85 M NaCl solutions in dogs (5) suggest the same conclusions. Cellular dehydration may be sutiicient to produce both convulsions and death from sea water and similar solutions. It seems likely that the central nervous system is the first to be affected. Winkler et al. (5) could find no evidence, nor could we, that circulatory failure precipitated death. The type of death observed in our animals, with or without convulsions, may depend upon the site and nature of damage to the central nervous system. Sucrose SoMout. Following the intraperitoneal injection of molar sucrose solution in rats there is an even greater influx of body fluid into the peritoneal cavity, possibly because sucrose molecules are moving only slowly across the peritoneal membrane. At death these animals showed greater dehydration than did rats given sea water and dying in the same length of time (table 3) . Also, they showed increased hematocrit ratios, indicative of hemoconcentration. Hence in these animals both intracellular and extracellular fluid compartments dwindled, and the lost fluid was all in the peritoneal cavity (practically none was excreted). Convulsions and death from sucrose solution may be due to both cellular and extracellular dehydration; in the case of sea water they may result from cellular dehydration alone.
Urea Solzction. At death from the 3.0 M urea solutions injected (above), samples of blood and peritoneal fluid were removed and analyzed (table 2). The volume of peritoneal fluid increased, but to a less extent than at death from isosmotic NaCl solutions. The urea led to decrease of estimated plasma volumes. If we assume that this decrease reflects a corresponding decrease in extracellular fluid exclusive of peritoneal fluid, then the conclusion is that water has entered cells, because the increase in peritoneal fluid is too small to account for the calculated decrease in total extracellular fluid exclusive of that in the peritoneal cavity. In the animals given urea, convulsions and death occurred in the presence of decreased plasma and extracellular fluid volumes and of presumably increased cellular water, the reverse of the situation obtaining with NaCl.
Comparisolzs. Electrolyte disturbances involving more than just the Na+ and Cl-ions may contribute to the deaths of the animals given excess salt. Schilling (20) states that excess Naf drives K+ out of cells into the extracellular fluid. Elkinton et al. (21) say that exchanges of Na+ for K+ in cells do occur, but K+ leaves cells in significant amounts only if it can be excreted. It may be noted here that many of our rats died anuric, especially after being given the highly concentrated NaCl solutions. A marked increase in extracellular K+ is injurious to cells, and injured cells lose K-t, constituting a vicious cycle if plasma K+ is allowed to rise (22) . These authors believe that it is difEcult to disturb the K+ regulating mechanism of a healthy animal; but obviously animals intoxicated with sea water and anuric cannot be considered healthy. Normal mice poisoned with K+ die with convulsions (23), and we found that 2 rats given 12 per cent of the body weight of 0.5 M KC1 solution Method A e. Normal plasma Cl-cont., determined f. Total body Cl-before sea water, (16) intraperitoneally died within 12 and 29 minutes with cyanosis and asphyxial convulsions. These convulsions were not, however, considered similar to those occurring from sea water or NaCl solution,
The experiments with urea clearly suggest that shrinkage of cellular compartments is not necessary to the lethal effects of solutions. If sea water kills by cellular dehydration, urea solutions kill otherwise. It is unlikely that urea has a specific toxic effect. At present the osmotic theory of death requires more detailed modifications before it can fit all the data, Table 5 shows that after a period of 'deadaptation,' which varied from 3 to 21 days after the first test dose was given, most of the experimental survivors succumbed to the 16 per cent retest dose of a hypertonic salt solution as readily as the unadapted controls had previously. Thus the adaptation is a transient phenomenon, whatever its nature; it can be produced in as few as 3 days and disappears with equal rapidity. 2 show that at least part of the ability of rats to survive large doses of intraperitoneal concentrated salt solutions depends upon excretion of the salt at a certain high rate. The Cl-concentrations of the urines of control and adapted groups do not differ. Greater Cl-excretion in the latter depends on greater urine outputs as collected after spontaneous micturition in funnel cages. The table also shows that experimental survivors, after a period of 'deadaptation,' succumb to the previous dose, and their rates of water and Cl-excretion are as low as those in the first test experiments of the unadapted controls.
Cross Adaptation to Sea Water. Ten male rats which had been on various voluntary intakes of sea water for several months were tested with lethal (16yo) doses of sea water intraperitoneally. Three controls were similarly injected. All 13 animals died in from I to g hours without convulsions. No cross-adaptation to sea water given by different routes was demonstrated. water. None of the rats drank enough fresh water to save itself from death. Rats drank considerable fresh water after receiving 8 per cent of the body weight of sea water by stomach tube, but the drinking was spread over 6 hours. When the animals received a lethal dose of sea water their urges to drink were disturbed before effective drinking occurred. Rats given daily intraperitoneal injections of 12 per cent doses of hypertonic salt solutions drank more of a dilute milk mixture per 24 hours than did controls.
Volmtary Sea Water Intakes irt Rats. To induce rats to drink sea water, whole dried milk was mixed with natural sea water in various proportions and supplied to the animals as the sole source of calories, with or without available fresh water. Table 7 gives data from 8 rats over +day periods on each of 3 different mixtures. The highest salt intake occurred with the lowest concentration of whole dried milk and with fresh water available. Weight was gained only on intake of the highest concentration of whole dried milk in sea water with fresh water available. The amounts of sea water taken by the rats under these forced conditions produced no deleterious effects other than partial inanition, though the salt intake for each individual continued for 24 days.
Voluntary drinking of sea water was not appreciable (27& of body weight in 6 hours) in rats supplied with dry food, fresh water, and sea water. If then deprived of fresh water, scarcely more sea water was drunk. When animals were given repeated doses of distilled water by stomach tube, and others were given it by repeated intraperitoneal injections, both groups nearly to the point of water intoxication, there was no specific urge to drink sea water, though presumably it would have been to the animals' advantages to increase their salt intakes.
Therapy Follow&g Sea Water Injections. Table I (group VI) shows the results of attempted therapy in rats following single intraperitoneal injections (167~ of body weight) of natural sea water. Among II rats given single intraperitoneal injections of distilled water (100/o of body weight) I to 13 hours after sea water, there were only 3 deaths. Evidently if the peritoneal fluid is diluted soon enough, a majority of the animals can be saved from the lethal effects of the salt. In general, the concentratiort of salt given to rats by the intraperitoneal route is as important in the toxicity of the salt as the total amount given. Sucrose solution is more toxic than an equiosmolar salt solution or sea water when given intraperitoneally. The Mgff ion may be a modifying though not a prime factor in the toxicity of sea water given parenterally. Mice a& Guinea Pigs. The lethal dose of sea water by intraperitoneal injection was essentially the same for adult mice and guinea pigs as for rats (table I, group V). None of the guinea pigs had convulsions, but some of the mice showed violent 'shivering' movements before death. Four guinea pigs all died following single intraperitoneal injections of 1.0 M sucrose solutions in doses of 6 and 7 per cent of the body weight (table I, group III). All of the animals had jerking movements, and their deaths occurred several hours later than in rats given sucrose solution in doses 14 to 18 per cent of the body weight. Hence no species differences were revealed.
Dogs. To test the effects of orally administered sea water on a larger mammal, possibly more similar to man in his physiology than rodents are, experiments were done on 2 female dogs weighing 8 and 9 kg. The animals received their last feeding 18 hours before each experiment was begun, and were allowed water ad lib&m until restrained in stalls for the experiment. Woods Hole sea water at body temperature was given by stomach tube. Vomiting was common following the forced administra- tion of 5 per cent of the body weight of sea water at once; emesis occurred within 20 minutes. Vomiting could be delayed by giving the same amount in one per cent doses at half-hour intervals. The volume of vomitus was usually nearly as large as the immediately preceding dose of sea water, but its Cl-concentration was approximately half that of sea water. Diarrhea was not a prominent feature after sea water was given orally. It never occurred during the period of observation, but the dogs frequently had watery stools after release from the stalls. Plasma Cl-concentration in the dogs did not rise more than 50 per cent after forced ingestion of the moderate amounts of sea water given. No experiments on dogs were continued to the point of death. At the termination of the experiments, the dogs manifested intense thirst and drank large draughts of fresh water. During the following 24 hours it was not unusual for them to drink three times their control water intakes. Their appetites for food seemed unaffected by sea water. SeaZs.3 The studies on seals were motivated by the belief that if any mammals should be found to have some natural resistance to sea water's toxic effects, they would most probably be marine mammals, especially the true seals, which live in sea water and, as far as is known, never have contact with fresh water (excepting certain land-locked species which inhabit fresh-water lakes in Canada and Asia). The experiments were carried out intensively on 2 male seal pups (yearlings) kept in a pen half-submerged in sea water. The animals weighed 30 and 31 kg., and maintained these weights on a daily ration of fresh iced herring. During experiments the animals were strapped to specially constructed boards indoors. Care was taken to keep the animals cool by wetting them. Sea water at body temperature was administered by stomach tube. Urine was collected by catheter, and blood samples were drawn from foreflipper veins.
One of the questions we sought to answer was, do seals drink sea water? Smith (24) found no evidence from seal urine or rectal washings that these animals swallow any considerable amount of sea water. Hiatt and Hiatt (25) showed that the seal's kidneys function more rapidly at times when food has yielded water to spare for excretion, and then decrease urine output sharply between meals, slowing the body's dehydration. Apparently seals can meet their water requirements without drinking fresh water. From our own observations we concluded that seals unavoidably swallow a little sea water when feeding, but this puts no stress on their homeostatic mechanisms. The animals were never seen to drink while in the pen in sea water.
One seal (B, fig. 3 ) was given 3.3 per cent of the body weight of distilled water in a single dose by stomach tube, after which Cl-practically disappeared from the urine; yet when offered sea water hours later the animal drank only a swallow or two. If the seal was depleted of Cl-it had no urge to replenish it by drinking sea water. Sea water in large doses (3.3% of body weight) apparently was just as irritating to the stomachs of some seals as it is to dogs, though individuals may vary in their tolerance of it. One seal vomited copiously 17 minutes after receiving a liter of sea water orally. Watery, green diarrhea began g minutes before the vomiting. The fluid lost by this animal in vomitus and feces was slightly more than the volume of sea water given; hence the net effect was dehydration. The Cl-concentration of the vomitus was much below that of sea water (as in dogs). The animal easily retained a liter of distilled water; and it retained a liter of sea water given in IO divided doses at half-hour intervals, though the latter caused some diarrhea. Another seal (A, fig.  3 ) retained a full liter of sea water by stomach, though diarrhea occurred. This animal drank fresh water when offered it after 8 hours. Figure 3 shows that diuresis in seals is much greater after sea water administration than after distilled water. Attempts to instill sea water by rectal tube in a seal were futile, as the fluid was expelled as fast as introduced, and the resulting change in plasma Cl-concentration was hardly measurable. Seals do not seem usually to concentrate Cl-in their urine above that in sea water. In only 3 urine samples from our 2 seals were such high Cl-concentrations found; these were very little above the Cl-concentration of sea water and were not maintained. Sea water was infused into the seals' veins until death (table 8) . Urinary Cl-concentrations tended to decrease during the infusions. Death occurred very quietly, as from deep anesthesia. The heart gradually slowed but continued beating for some minutes after breathing by 10.220.33.6 on April 12, 2017 http://ajplegacy.physiology.org/ had ceased. The picture was like that described for Mg* poisoning. Hence we succeeded in demonstrating no greater tolerance for sea water in the seal than in the rat.
DISCUSSION
Chical Observations. Convulsions commonly followed intraperitoneal injections of hypertonic salt or sucrose solutions in rats, but rarely followed oral administration of salt solutions. In general, sea water convulsions did not suggest the progression of epileptiform seizures. They consisted of an explosive hyperirritability of the rat, which ran about wildly if not closely confined. 'Convulsions' from sucrose or urea, in further contrast, resembled a shaking chill. Main (26) found, in determining the maximum lethal dose for NaCl injected subcutaneously, that NaCl alone produced an amazing hyperirritability in rats. On the other hand, Joseph and Meltzer (27) showed that infused NaCl killed dogs by stopping respiration, before circulation, without terminal convulsions, and asked whether this might not follow a curarelike action of the NaCl upon motor nerve endings. They got similar results with infused MgCls, though much sooner. Ulrich and Shternov (13) found that when NaCl was given orally or intraperitoneally, as death neared respiration was permanently depressed before the heart was, and before this depression marked convulsions of a non-asphyxial type were common and appeared suddenly.
Respiratory distress was the commonest sign of disorder in our rats. Respiration was usually rapid and shallow after an intraperitoneal injection, then gradually became slower and gasping. The heart usually beat for I to 2 minutes after breathing had ceased.
Rats given lethal doses of salt solutions (or of water) by stomach tube became progressively weaker and flaccid before death. They had copious watery diarrhea and might evacuate more of a dilute fluid than the volume of salt solution given. Plasma Cl-concentrations at death reached the lower limits seen at death from intraperitoneal sea water.
Delayed Deaths from Sea Water or 0.5 iM NaCl Solutions. Many rats which survived for 24 hours after intraperitoneal injection of salt solutions and which were then given fresh water and food failed to eat or drink again, and died after some aays with marked inanition and obvious central nervous system involvement. Delayed death from sea water was never observed in rats which when given food and water at the end of 24 hours began to eat and drink again. Rats which survived oral doses of sea water always took fresh water when it was offered at the end of 6 hours or more after the sea water. Gross Pathology at Atito#y. The commonest single finding at death from hypertonic salt solutions or sucrose was pulmonary congestion, with or without pulmonary edema. Following intraperitoneal injections of NaCl, sucrose or urea, there was evidence of widespread capillary damage, in the form of petechial hemorrhages, within the peritoneal cavity, especially in mesenteric and omental fat around stomach, spleen and pancreas; sometimes these petechiae were found in fat around the testes within the scrotum, into which peritoneal fluid leaked. We believe this capillary damage to be due to direet contact of the hypertonic solutions with the peritoneum. Occasionally areas of erosion were found within the stomach and intestine. The cause of this is not clear. Following stomach tube adtninistration of hypertonic salt solutions, damage to gastric and intestinal mucosa was often severe.
What Favors Survival of Some Individuals? Rats that survived those intraperi-toneal injections of hypertonic salt solutions which were lethal for at least 50 per cent of rats seemed often to be the individuals that excreted the most urine within the first 2 hours after injection ( fig. 2 ). This was true whether the animals had been 'adapted' or not by previous sublethal injections; random control rats that survived were those which inherently performed as well as the adapted individuals. With more urine the survivors excreted more Cl- (table 6) . We are unprepared to name other factors which determine survival or death in individual animals given toxic doses of salt solutions by stomach. Survivors may have more or less diarrhea than non-survivors. Men, dogs and seals will vomit sea water if they take enough of it into their stomachs (the rat does not vomit). Rats, dogs, seals and ,men have diarrhea from ingested sea water if there is no previous severe water deficit; in shipwrecked human beings who were quite dehydrated before resorting to drinking sea water, diarrhea has not been reported. Rats may have violent convulsions before dying from intraperitoneally injected sea water; these perhaps are similar to the violent actions of shipwrecked men who occasionally drink sea water, become wildly delirious, and hurl themselves overboard. On the other hand, cases have been cited (I) of human beings who became comatose and died quietly after drinking sea water. One such individual was little dehydrated before he drank sea water. Neither men nor seals can retain sea water for any length of time when it is administered by rectum, and sea water so instilled draws body fluid into it before it is expelled.
SUMMARY AND CONCLUSIONS
The lethal dose of sea water or of isosmotic NaCl solution for 50 per cent of rats, mice and guinea pigs when given the fluid by single intraperitoneal injection is 16 Jz 2 (SD.) per cent of the body weight. The LD 50 of molar sucrose solutions for these species under the same conditions is less than half the LD 50 of equiosmolar salt solutions. The LD 50 of sea water by stomach tube in rats, given in divided doses at half-hour intervals, is essentially the same as by intraperitoneal injection. More gradual administration increases the total LD 50. The lethal chloride concentration of plasma is uniform for all administrations.
Dogs and seals retain more sea water by stomach if it is given in repeated small doses (0.33% of body weight) than if given in a single large dose (3.3% of body weight). Vomiting of the sea water is due to gastric irritation, not merely to distention by fluid. The total dose of i. v. sea water required to kill seals varies with the infusion rate, but is of the order of 4 to g per cent of body weight. Seals appear to be no more resistant to the effects of sea water than are other mammals. They do not excrete its salts any more concentratedly in urine.
Sea water may kill animals through cellular dehydration, while extracellular fluid volume is increased. But urea solutions probably kill without producing cellular dehydration. The central nervous system is believed most susceptible to tissue damage by sea water. The lethal dose of sea water for mammals is decreased by previous shortage of body water. Rats can be temporarily rendered more resistant to ordinarily lethal doses of sea water by administering repeated sub-lethal doses (adaptation).
